High f i e l d ac t h i n f i l m ZnS:
Mn electroluminescent devices (ACTFEL) have been reported as having many useful and i n t e r e s t i n g c h a r a c t e r i s t i c s f o r d i s p l a y a p p l ications ) 1 ) 121 . However the m i c r o s t r u c t u r e o f the various l a y e r s i n such devices have been scarcely studied 131,141,15 1. As the e l e c t r o o p t i c p r o p e r t i e s o f t h e devices depend upon the growth and annealing conditions, t h i s work tends t o c o r r e l a t e them w i t h the m i c r o s t r u c t u r a l p r o p e r t i e s o f t h e ZnS l a y e r , deduced from STEM microscopy and microanalysis. EXPERIMENTAL 4. Specimen growth and annealing method W e h a v e e -i n s u l a t e d s t r u c t u r e o f ACTFEL devices shown on Fig.1 . The various layers are deposited under vacuum on a glass substrate by elect r o n beam evaporation. The ZnS:Mn a c t i v e l a y e r i s evaporated from a doped source mater i a l obtained by i n t i m a t e mixing between ZnS powder and various Mn compounds (MnS, Mn F2, Mn C12). During the ZnS evaporation, the substrate i s e i t h e r a t room temper a t u r e o r heated a t approximately 150°C. I n some cases a three hour annealing a t 470°C i s performed under various conditions given i n Table 1.
B. Specimen preparation f o r transmission electron microscopy
To be observed by transmission e l e c t r o n microscopy ZnS:Mn l a y e r s have t o be seoarated from the other l a v e r s and thinned from the side which i s i n contact w i t h the HCI d i l u t e d etchant t o a "thickness o f l e s s than 100 nm. The u s u a l l y observed side i s the growth end side, b u t n o t exactly the top, because p a r t o f the ZnS l a y e r (estimated t o about 100nm) i s taken away during these opera~i(1500A) tions. Cross-sections are a1 so observed. Speci-Y~O, (~OOOA) men are thinned down t o l e s s than 50um by g r i nZnS:Mn(6 *o3(4OO0$ ding and mechanical polishing. Further t h i n n i n g 1.~0. i1300A) t o less than 100nm i s obtained by i o n m i l l i n g . 
as compared t o i t s value w i t h o u t I absor'ption i s small e r than 2O%,which makes i t s u r e t h a t t h e a b s o r p t i o n c o r r e c t i o n on t h e I ( M n ) / I ( Z n ) r a t i o i s s m a l l e r than 2.5%. A usual c o u n t i n g t i m e o f 5 t o 10 minutes and a t y p i c a l x v a l u e o f 0.4% correspond t o I(Mn) = 350 c t s I ( Z n ) = 40000 c t s The s t a t i s t i c a l u n c e r t a i n l y upon t h e Mn c o n c e n t r a t i o n i s then :
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With a t h i c k n e s s o f about 50nm, t h e probe s i z e a t the specimen o u t p u t remains smaller than 5 nm, t h e random movements o f t h e probe on t h e specimen a r e u s u a l l y s m a l l e r than 5nm, so t h e s p a t i a l r e s o l u t i o n o f t h e m i c r o a n a l y s i s i s b e t t e r than 10 nm which i s a lways s m a l l e r than t h e g r a i n size.
D. E l e c t r o o p t i c measurements
Voltage, c u r r e n t and l i g h t o u t p u t are measured on t h e devices d r i v e n w i t h a 5 kHz sinusoTda1 waveform. I n t h e f o l l o w i n a sections. t h e E.L. w i l l be simolv c h a r a c t e r i z e d 
images corresponding t o d i f f e r e n t exposur e s . We n o t i c e i n t h e f i r s t 100 nm o f t h e
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l a y e r a g r a n u l a r s t r u c t u r e (20 nm g r a i n s ) .
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Then a columnar s t r u c t u r e appears:the columns grow n e a r l y p e r p e n d i c u l a r l y t o t h e THRESHOLD VOLTAGE 
up t o t h e end o f t h e grnvth The average g r a i n s i z e a t t h e end of t h e growth i s independant o f t h e Mn compound used f o r t h e source m a t e r i a l ,increases w i t h t h e s u b s t r a t e d e p o s i t i o n temperature
from 30 nm a t room temperature t o 70 nm a t 150°C. U s u a l l y g r a i n size i s n o t m o d i f i e d by a n n e a l i n g b u t sometimes an i n c r e a s e i s observed. I n b o t h cases o f d e p o s i t i o n on a heated s u b s t r a t e and o f annealing, a l a r g e r mean g r a i n s i z e always induces a h i g h e r s a t u r a t i o n l u m inance. These r e s u l t s a r e p a r t i a l l y shown on Table 1 . Table 1 ) As shown p r e v i o u s l y by Kun 
B. Manqanese d i s t r i b u t i o n (see
b e s t r e s u l t s a r e o b t a i n e d a t room temperature w i t h ZnS:MnC12 source m a t e r i a l . The dopant i s homogeneousl y d i s t r i b u t e d i n t h e l a y e r ( v a r i a t i o n s f r o m c e n t e r t o edges i n t h e same g r a i n o r between two g r a i n s a r e l e s s than +5%) and t h e luminance i s r e l a t i v e l y h i g h and homogeneous on a macroscopic scale. With o t h e r Mn compounds MnS o r MnF2, t h e Mn i n s e r t i o n i s much more d i f f i c u l t and i t s d i s t r i b ut i o n becomes very inhomogeneous:variations
f r o m one p a r t o f t h e specimen t o another reach 100%. This can e x p l a i n t h e poor l uminance l e v e l observed w i t h these l a y e r s . Annealing does n o t change t h e Mn homogeneity para1 1 e l 1 y t o t h e l a y e r b u t changes n o t i c e a b l y i t s d i s t r i b u t i o n i n depth as shown on Fig.6 . Before annealing t h e Mn c o n c e n t r a t i o n i s t h e same across t h e whole ZnS l a y e r thickness:we d i d n o t n o t i c e n e i t h e r t h e presence o f Mn p r e c i p i t a t e s n o r a Mn c o n c e n t r a t i o n g r a d i e n t i n t h e l a y e r t h i c k n e s s as ment i o n n e d by Oppol zer 14 / . A f t e r vacuum a n n e a l i n g w i t h t h e ZnS l a y e r as t h e e x t e r n a l l a y e r o f t h e device, t h e Mn c o n c e n t r a t i a l decreases i n a r e g i o n l a y i n g between 100 and 200 nm from t h e e x t e r n a l s u r f a c e and increases near t h i s s u r f a c e . C o r r e l a t e d w i t h t h e Mn c o n c e n t r a t i o n g r a d i e n t near t h e se----BEFORE ANNEALING cond YpO3/ZnS i n t e r f a c e , one observes i n t h e case o f a n n e a l i n g under n i t r o g e n f l o w w i t h o u t t h e second d i e l e c t r i c l a -3 y e r , t h e r e s u l t s a r e i n t e r m e d i a t e and 
T h i s work corroborates t h e way o f improving E.L. p r o p e r t i e s o f ACTFEL devices. Luminance increases w i t h Cl presence i n t h e source m a t e r i a l and w i t h b i g g e r g r a i n s i z e o b t a i n e d by h e a t i n g t h e s u b s t r a t e d u r i n g d e p o s i t i o n . High temperature (470°C) vacuum annealing b e f o r e t h e d e p o s i t i o n o f t h e second Y203 1 ayer induces a decrease o f t h e t h r e s h o l d voltage, which i s perhaps e x p l a i n e d by t h e d i f f e r e n t e l e ct r o n i n j e c t i o n c o n d i t i o n s a t t h i s i n t e r f a c e due t o t h e Mn c o n c e n t r a t i o n increase.
A t t h e same t i m e poorer d i e l e c t r i c p r o p e r t i e s and undesired p o l y c r i s t a l l i n e m i c r o s t r u ct u r e o f t h e annealed Y2O3 l a y e r have been observed. These two t o p i c s need f u r t h e r i nv e s t i g a t i o n s as w e l l f r o m t h e m i c r o s c o p i c a l p o i n t o f view as from t h e e l e c t r i c a l one.
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